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1. Field of the invention 

The present inv nti n relates to n vel mutant strains having a glucose consumption rate which is at most 
1/4 that of wild type strains, particularly mutant strains which belongs to the genus Es herichia which are used 
for producing biotins. Further, the present invention relates to a process for producing biotin vitamers using 
these mutant strains. 

2. Description of the Related Art 

Various mutant strains have been produced in order to enhance the productivity of a specific useful sub- 
stance For example, in the general view of bacteria used for producing biotin. which is a vitamin important for 
animals, plants, and microorganisms, as the specific useful substance, those in which artifical mutated micro- 
organisms such as the genus Bacillus, the genus Chromobacterium, the genus Pseudomonas , and the genus 
Arthrobacter are known. More specifically, in recent years, a strain which belongs to rthe genus Eschench.^ 
which has a resistance to a-dehydrobiotin (for example, see Japanese Unexamined Patent Publication (Kokai) 
Mo 61-149091). a strain which belongs to the genus Escherichia in which a feedback repression by biohn e 
removed (see. for example, Japanese Unexamined Patent Publication (Kokai) No. 61-202686). and a strain 
which belongs to the genus Escherichia, which has a reduced acetic acid productivity (see, for example, Euro- 
pean Patent Publication No. 0316229) have been known as host microorganisms belong to the genus 
Escherichia for a host-vector system for application in a process of a recombination of a gene. As these micro- 
organisms belong to genera other than the geuns Escherichia, those having a host for a specific recombinant 
.^■-■.^■^Koi^tnBaofflus. Pseudor^^ 

Japanese Unexamined Patent Publication (Kokai) No. 64-44889). Note, the above-mentioned patent appli- 
cations also disclose a process for producing biotins using a transfbrmant having the recombinant plasmid cor- 
responding to the host . nf 

On the other hand, it is generally acknowledged that a mutation of an enzyme carrying phosphorylation of 
saccharide affects an assimilation of several saccharides, and models thereof have also been proposed [see. 
for example, -Escherichia coll and Salmonella tvohimuri. - F.C. Neidhardt, vol. 1. American Society For Micro- 
biology: pp. 127-150. (1987)]. Nevertheless, there is no literature which describes the relationship therebet- 
ween mem and me productivity of a specific substance. _. orI>0 

In the case of biotin, which is an example of the useful substance produced by the aid of microorganisms, 
all of the mutant strains described above attainment a prescribed object, but there is still room for Improvement 
For example, in the case of European Patent Publication No. 0316229. which is one of the publication^ des- 
cribed above, an inexpensive and more efficient process compared with the prior one for producing biotins by 
the denovo synthesis by using a glucose as a substrate has been disclosed, the process using a genetic 
engineered, technically improved recombinant Escherichia coli. comprised of a mutant strain tn which a feed- 
back repression by biotin is removed as described above with a phenotype of decreasing acetic acid productivity 
imparted thereto as a host and which contains a recombinant plasmid. in which biotin operons DMA obtained 
from Escherichia coll having a biotin productivity are inserted in the vector DMA. 

There currently exists, however, needs to provide a mutant strain able to improve the productivity of a useful 
substance, particularly of biotin. Consequently, an object of the present invention is to provide a more efficient 
process for producing a specific useful substance by the use of microorganisms, especially for producing biotin 
by the use of microorganisms containing a biotin operon-inserted recombinant plasmid. 

SUMMARY OF THE INVENTION 

From a viewpoint different from the conventional view. Le. from the viewpoint that when grown with a usual 
fermentation medium which contains glucose as saccharides, although the wild type strain prefere nttally con- 
sumes glucose, a mutant strain having a decreased giucose assimilation capability prsfs.»ntia..y consumes 
other carbon sources (such as amino adds). The glucose repression is relaxed, and thus the latter te expected 
to advantageously act on the productivity of the specific useful substance, and the inventors investigated the 
relation between shch mutation of and the productivity of biotin, and as a result some of mese mutants con- 
taining th e above-mentioned plasmid has been fou nd to accumulate a considerable amount of biotin. 

That is. the object described above can be solved byalnutaWstrainof a mte ^ OT ^ a, ^^. to *° 



I nat IS, U1B ODlUm UK)UIUCU ouw.u ww j - . , ._ . 

present Invention, which belongs to anyone genera of IfdiericJ^Badnu^aiulS^^ * a ™*f feed{n 
til maximum glucose consumption rate thereof is at most 1/4 that of the corresponding wild strain. 

In particular, the problems concerning the productivity of biotin can be solved by a process for producing 
biotins. which comprises cultivating the mutant strain described above, which contains a recombinant plasmid 



2 



EP0449 724 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



bearing a b! tin peron originated from a microorganism which belongs to the genus Escherichia inserted in 
the vector DNA, in a nutrition medium, and then collecting biotin and/or desthiobioan formed and accumuJated 
in th medium. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The mutant strains of the present invention should not be restricted and may be originated from any type 
of microorganisms which belong to any of the genus Escherichia, the genus Bacfflus, and the genus Sjn^a 
as long as they meet the object of the present invention. When used as a host-vectorsystern, the mutant strains 
which belong to Escherichia, particularly originated from Escherichia cofl, are preferable. Among them, the 
strains to be used in the production of biotins wherein feedback repression by biotin is removed (hereinafter 
referred sometimes to as "DR strains") are more preferable. Concrete examples of the ^™«f^_^* a 
parent strains for the mutant strains include, but are not limited to, Escherichia cgh strains DR-85 (FERMP- 
8096) DRK-332 (FERM BP-21 13) and DRK-3323 (FERM BP-21 16) (see Japanese Unexamined Patent Publi- 
cation's (Kokai) No. 61-202686. No. 62-155081, and European Patent Publication No. 0316299. described 

ab °AII the numbers cited herein as "FERM" refer to the deposition numbers of the Fermentation Research Insti- 
tute, Agency of Industrial Science and Technology in Japan. 

From these parent strains, a mutant strain having a maximum value of the glucose consumption rate of at 
most one fourth that of the corresponding wad type strain, taking the following glucose consumption rate as an 
index can be obtained with the known mutagenic treatment 

The "glucose consumption rate" used herein is the amount of glucose [(S) gfl] consumed by a unit arnount 
of bacterial ceils [(X) g/l] per unit time [(T) hr], and defined by the following equation Theteim "a^espe .nding 
wad type strain" used herein is a conception Including mutant strains which mutabon is differentfrom the object 
of the present invention, which does not show any outstanding change in the glucose consumption capability. 

v(g glucose/g cell x nr) = 1/XxdS/dT 

in order to obtain the mutant strain described above, for example, microorganisms which have been 
mutagenically treated In a conventional manner, for example, mutagenically treated with amutagenlc reagent 
such as N-metnyl-N'-nitro-N-nRrosoguanidine, are cultivated on a glucose ass.mnatior^stinc^e a^gar ptete 
medium in accordance with the description of "Handbookfor Products of Eiken Chemical Co. Ltd, 5th edition 
and the mutant strains can be easiy Isolated as white colonies. This principle is based on the .fact that, when 
the colonies are grown on the above-mentioned agar medium assimilate glucose contained .n the medium, the 
pH value of the medium is lowered due to the organic acid and the like. Namely, the colonies becorne orange 
due to the dye "bromthymol blue" added to the medium; in contrast, the colonies formed by the mutant strain 
of the present invention obtained by the mutagenic treatment appears white because there is little change of 
the pH 

Concrete examples of the mutant strains thus obtained include the Escherichia coll DRQ 024 strain, which 
was deposited in the Patent Microorganism Deposition Center in the Fermentation Research Institute, Agency 
of Industrial Science and Technology in Japan as described above, on March 22. 1990. and imparted me dep- 
osition number of 1 1366, and then transferred the domestic authority to the International Depository Authority 
under the regulation of the Budapest Treaty as FERM BP-3309 on March 14. 1991. as well as DRG 005 strain. 
DRG 014 strain. DRG 026 strain, and DRG 101 strain. It can be easily judged that such a mutant strain has 
gained the feature that the maximum glucose consumption rate thereof is at most one fourth that of toe wad 
type stra'n by cultivatingthe.strain in a medium c ontain ing an adequateamount of glucose as the Inibal con- 
centration, quantitatively determining the amount of the remaining glucose after a certain cultivation time by 
the use of an apparatus for measuring the concentration of glucose by utilizing an enzyme reaction for example. 
Model 27 Produced by YSI. and then comparing ft with the wild type strains whose glucose assimilation capabi- 
lity can not be lowered. The preferred manner for determining the glucose consumption rate basfdo" ma Sl"- 
cose assimilation capability at the microorganism thus measured is described In Example 1 (2) tete _ron- 

The mutant strain obtained as described above (hereinafter referred sometimes to as ~» ^ 
has an industrial applicability, for example, as can be advantageously used in the omer aspect ofthe present 
m^nln. To be specific, according to the present invention, there is provided a mutant strain having a high 
producing capabilHy of biotin. in which the mutant strain described above transformed with a re«mbir«nt 
_5asmld bearing with a bi otin operon orig in ated from a microorganism which belong to th e genus Eschenctug, 
which is inserted In the vector DNA, and a process for producing biotins using Vhe ss ^ & - 

The term "biotin vitamers" used herein means biotin itserf. and its precursor desthtobtotjn. As me/ecorn- 
binantplasmid which is transformed Into the mutant strain of th present irwention. any Rectors may beuserJ 
as long as they express the biotin productivity in th host-vector system. Preferably. pXBA312 and pKHN31 
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obtained from Escherichi coll strains CRK-3323 (pXBA312) {PERM BP-2117) and DRK-332 <pKHN31) (FERM 
BP-21 14) provided by us, by a conventional method for isolating a plasmid can be mentioned. 

The mutant strain according to the present invention having such a recombinant plasmid as described 
above can be obtained by transforming the recombinant plasmid obtained as described above into the DG mut 
s ant strain by the conventional method, such as a calcium chloride procedure described by Mandel M, et al m 
■JMolBioU, 53, 1 09 (1 970)", subsequently cultivating the resulting transformant on an agar medium in which 
the clones oftite bacterial cells having the recombinant plasmid can be selectively grown, due to the phenotype 
of the vector therein, and fishing the colonies. ..... 

The DG mutant strains having the recombinant plasmid thus obtained Include, for example, the Eschencha 
10 coll DRG 024 [pXBA312] strain, which was deposited in the Patent Microorganism Deposition Center in the 
Fermentation Research Institute, Agency of Industrial Science and Technology in Japan on March 22, 1990 
as described above, and imparted the deposition number of 11365, and then transferred the domestic authonty 
to the International Depository Authority under the regulation of the Budapest Treaty as FERM BP-3308 on 
March 14. 1991, as well as DRG 005 [pXBA312] strain, DRG 014 [pXBA312] strain, DRG 026 [pXBA312] strain. 
15 and DRG 101 [pXBA312] strain. 

By cultivating the microorganism thus obtained In a nutrient medium under adequate conditions usually 
used for cultivating a microorganism which belongs to the genus Escherichia, a considerable amount of the 
biotin can be accumulated in the culture. For example, as the nutrient medium, a known synthetic or natural 
medium containing carbon sources, nitrogen sources, and inorganic substances may be used. The carbon sour- 
20 ces which can be used include carbohydrates such as glycerine, fructose, sucrose, maltose, mannose, starch, 
hydrolyzed starch Oquor. molasses and the like. The amount used Is preferably from approximately 0.5 to 5.0%. 
In the microorganism of the present Invention, which has a reduced glucose assimilation capability, when a 
medium In which glucose is not strictly used as a single carbon source, for example, a natural medium con- 
taining yeast extract or casein hydrolysate described later on, is used, glucose also may be used as an available 
25 carbon source. In this case, the amount is desirably in the range of about 0.5 to 5.0%. 

The nitrogen sources which may be used include ammonia, various inorganic or organic ammonium salts 
such as ammonium chloride, ammonium phosphate, ammonium sulfate, as well as natural organic nitrogen 
sources such as amino acids, meat extract, yeast extract, corn-steep liquor, casein hydrolysate, and defatted 
soybean or a digest thereof. In many cases, the natural organic nitrogen sources may be available not only as 
30 the nitrogen source but also as the carbon source. 

As the inorganic substances, dipotassium hydrogenphosphate. potassium dihydrogenphosphate, mag- 
nesium sulfate, sodium chloride, ferrous sulfate, calcium chloride, zinc chloride, copper sulfate, manganese 
chloride, cobalt chloride, ammon molybdate, boric acid, and the like may be used. 

The addition of alanine as described in Europe Patent Publication No. 0316229 is also available in the case 
35 of the DG strains of the present invention. The alanine used may be a D-compound, an L-compound, or a DL- 
compound, each of which brings about similar effects. The D L-compound Is suitable in view of the cost The 
concentration of alanine added to the medium Is preferably 1 - 10 g/l, more preferably 3 - 7 g/l. Alanine may 
be added all at once at the beginning of the cultivation, or in portions during the cultivation. 

In the case of the resulting microorganism to which a resistance to antibiotics is imparted, the contamination 
40 by other microorganisms may be prevented by adding the corresponding antibiotics to the medium. The culti- 
vation is preferably carried out under aerobic conditions, for example, by shaking culture or aeration culture. 
The cultivation temperature is preferably 25 - 37*C, and the pH value of the medium during the cultivation is 
preferably maintained to be substantially neutral. Concerning the production of biotin, the cultivation period is 
usually about 24-48 hours. When the cultivation continues for another 48 hours without adding any new nut- 
45 rition. a significant accumulation of desthiobiotin can be obtained. After the completion of the cultivation, biotin 
or desthiobiotin can be collected from the culture broth by a general method for the extraction and purification 
from natural substances utilizing the properties of biotin or disthiobiotia For example, biotin or desthiobiotin 
can be collected either by removing the bacterial cells from the cultivated substances, and treating the resultant 
culture broth with an activated carbon, and then etuting them, followed by purification by means of an Ion- 
50 exchanging resin, or by directly treating the culture filtrate by means of an Ion exchanging resin to be punned, 
followed by recrystalllzation from water or an alcohol. 

According to the present invention, a novel microorganisms having a decreased glucose assimilation 
_ capabOItycan be obtained, thajnicroorganfern being able to be usedaoVanteS ew ^y in the prodjwtion of a 
specific useful substance. A microorganism obtained by using this microorganism as a host, and subjecting, 
55 for example, a recombinant plasmid in which biotin operon is Inserted therein, to be incorporated in the host 
can advantageously be used in the production of the biottns. 
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EXAMPLE 

The present invention w3! now be described In detail with reference to th working examples, which in no 
way limit the scop of the present invention. 

Example 1 

ffl Preparation of DG mutant Strain from Escherichia coli in whic h Feedback Repression by Btotin is 
Removed 

Escherichia coll DRK 3323 (FERM BP-21 16) in which feedback repression has been removed was culti- 
vated undershaking at37»Cfor3 hours in an L-medlum (10 g/l of peptone. 5 g/1 of yeast extract. 1 g/1 
5 g/I of sodium chloride; adjusted to pH 7.2). Bacterial cells in a logarithmic growth phase were harvested, and 
washed, and then suspended in a TM buffer (0.61% of trie-base. <L8% of m^toic ^ «4wtsd ^P" 
SSng 00 ug/rrt of r^ethyW'-nitro-rO-nitrosoguanldine. and allowed to stand at 37 C for 30 rrunute* 
mutagenesis After the bacterial cells were harvested and washed, the resuspended sclubon was app^d on 
a normal sized Petri dish, which was layered on an agar plate medium (2 g/l «P**°™ ; ™ 
gflofsodhjmchloride.O.S^ofdipotassiumliydrogenphosphat^ 

by changing the concentration of the agar in the medium for decomposing glucose according to toe desc^Uon 
of "Handbook for Products of Eiken Chemical Co., Ltd.. 5th edition- into the concentration of the usual agar 
plate n2di^ Sen mat about 200 - SCO co.on.es resulted. After culdvating at 37=C for 48 ^^*"*»» 
i white colonies, which did not turn orange, were isolated f!>^£^^J^ffgggt 
con m which the feedback repression by btotin was removed, lb. DRG 024 strain (FERM BP-3309). DRG 005 

strain DRG 014 strain. DRG 026 strain, and DR6 101 strain. 

Is a Tn^uS tne strains DRG 024. DRG 005, DRG 026. DRG 101. and DRK 33^ desc^ed above 
were inoculated with one application through a platinum loop from a maintenance agar P^ ^^ n ^ 
medium (10 g/l of peptone, 5 g/l of yeast extract. 1 g/l of glucose medium. 5 g/1 of sodium chloride; adjusted to 
pH 7.0), and cultivated at 37°C for 8 - 12 hours. 

30 (2S Measurement of Glucose Consumption Rate 

After 0.2 ml of this pr^culture was inoculated into a 500 ml volume SakagucW flask (produced by IwaW 
GlassCo Ltd ), a shaking culture was carried out at 37°C, the sample was taken every 2 hours, and tiie turbidity 

o^ri^ to calculate the weight of dry bacteria, cell (X) in Uarns of gj ^» 

time an aliquot of the culture obtained was centrifuge*, and 200 ui of the supernatant was injected into an 
SSL formeasuring the glucose concentration (produced from YSI; Model 27). The amount of remaining 
glucose was measured to determine the amount (S) of glucose consumed anrnrriino ta a 

From these values, the glucose consumption rate (v) at each period of time was obtained according to a 
value number differential method using Gregory-Newton's formula: 

v(g/glucose x hr) = 1/XxdS/dT 
(See Engineering Mathematics, Vol. 1, Wily Ed. Brain Book Publisher pp. 96) 

The maximum values of the glucose consumption rate of each of the resulting DG mutant strains and the 
parent strain DRK 3323 (FERM BP-2116) are shown in Table 1. 
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Medium-A 


(g/i) 


Disodiuro phosphate (12H~0) 


17 .6 


Potassium phosphate 


2.4 


Ammonium sulfate 


4.0 


Yeast extract 


10.0 


Peptone 


10.0 


Ferrous sulfate (7H 2 0) 


0.1 


Calcium- cxixoncie (zn^uj 


ft 05 


Manganese cnionae {m^v} 


0 05 


Magnesium sulfate (7H 2 0) 


0 . 1 


Glucose 


5.0 


DL-Alanine 


5.0 


Table 1 




Strain Maximum value 


of Glucose 


Consumption 


Rate (v) 



DRG 


024 


0.2 


DRG 


005 


0.05 


DRG 


014 


0.1 


DRG 


026 


0.5 


DRG 


101 


0.1 


DRK 


3323 


2.0 



(3) Confirmation of Saccharide Assimilation Capability 

DRG 005 strain, DRG 101 strain, and DRK 3323 were cultivated in the L-medhim for 12 hours, and then 
washed twice with a PBS buffer. The aliquot amount of each cell was transferred to an M9 minimum synthetic 
medium containing a suitable saccharide or a metabolic intermediate listed in the table as a single carbon 
source in a concentration of 0.2% respectively. At 24 hours after the cultivation, it was determined whether or 
not the,ce!ls had ojpwn. The resujte are shown in TableZ In the_DR_G 005 strain andDRG 101 strain, it is clear 
that the assimilation capability of glucose and several other saccharides was lowered. 
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Table 2 

Strain DRK 3323 DRG 005 DRG 101 

(Saccharide added) 

Glucose + ~ 

Glycerol + + 

Maltose + " 

Fructose + " 

Arabinose + + + 

Sodium Pyruvate + + + 

Example 2 Preparation of DG Mutant Strain containing Recombinant Rasmid 

The Escherichia coli DRG 024 strain, DRG 005 strain. DRG 014 strain. DRG 026 strain, or ORG 101 stein 

by the conventional method, for example, by a calcium method [Mo! Gen. Genet, Vol. 

^nrfthpn the colonies formed were isolated on an LB-solid medium plate containing 10 ug/m! of tetracycline to 

DRG 026 [pXBA312] strain, or DRG 101 [pXBA312J strain, respectively. 

Example 3 Preparation of Biotin 

As a pre-culture. the DRG mutant strains containing the recombinant plasmid were inflated tfth one 
application through a platinum loop from a maintenance agar plate culture to an L medium (1 0 gfl erf peptone 
s S oTv^st extect, 1 g/1 of glucose. S g/1 of sodium chloride: adjusted to pH 7.0; in the ease of the baderial 
LtiSing^e rBcSnbinant plasmid. 20 ug/ml «rf tetracycline was further added thereto). ^£*£-< 
for 8 - 12 hours. 0.2 ml of this pre^ulture was inoculated into a 500 m '^^*^^ k j£ 
duced by IwaW Glass Co., Ltd.) containing 20 ml of the medium A desenbed above, and th^crftrvated After 
Odours, thesample was taken, and then the turbidity of the bacterial cells and the amounts of b«*n and des- 
thtobiotJn accumulated were measured. The results are shown in Table 3 trtf , ma » nnfarrama ^ of bac- 

For the quantitative analysis of biotin. the supernatant obtained after the carnation for removal ofbao- 
teria Zm wis dfluted to an adequate degree, and a bioassay was carried out u*« ^*o.M"Hus ^antarum 
(ATCC 8014). For the quantitative analysis of desthiobiotin. the concentra on 

miobiotin was determined by colorimetiy using avidln (Method in Enzymology. Vol. XVUI. pp. 49). and the 
a^TnSof^Sr^ 

cribed above, from the sum. 
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Table 3 
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is 



20 



25 



Strain 



DRG 024 
[pXBA312] 

DRG 005 
[pXBA312] 

DRG 014 
[pXBA312] 

DRG 026 
[pXBA312] 

DRG 101 
[pXBA312] 

DRK 3323 
[pXBA312] 
(Control ) 



Concentra- 
tion of 
Cells 



Amount of Amount of 
Desthiobiotin Biotin 
Accumulated Accumulated 
(ma/1) (mo/1) 



82 
73 
69 
80 
80 
13 



10 



9 
10 
10 



30 Claims 

1 # A mutant strain of a microorganism which belongs to any one genera of Escherichia, Ba^ys, and Sen^a, 
characterized in that a maximum glucose consumption rate thereof is at most 1/4 that of a corresponding 
wild strain. 

2. A mutant strain according to daim 1, wherein said microorganism belongs to Escherichia. 

3. A mutant strain according to claim 2. wherein said microorganism is to be used for the production of biotin 
vitamers. 
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4. A mutant strain according to daim 3, wherein a feedback repression by biotin is removed. 

fc -Amutantstrain according to daim 4. containing a recombinant pjasmW with a biotin operon originated from 
a microorganism which belongs to Escherichia inserted in the vector DNA 

a. A mutant strain according to daim 5. which is selected from the group co^sdngofDf^ 024 ipXBA 31 23 
strdiVDRG 005 [pXBA 312] strain, DRG 014 [pXBA 312] strain, DRG 026 [pXBA 312] strain, and DRG 
101 (pXBA 312] strain. 

so 7 Aprocessfbrprodudng biotin characterized by cultivating the mutantstraln of daim 5 in a nutrition medium, 
and then collecting biotin and/or desthiobiotin formed and accumulated in the culture broth. 
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